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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a display control apparatus and display control method that can change a
driving frequency (frame rate).

Description of the Related Art

[0002] A technique is known in which the frame rate (60 Hz) of broadcast waves is changed to the display driving
frequency (120 Hz or 240 Hz) in a double-speed drive system. For example, Japanese Patent Application Laid-Open
No. 2001-42831 discusses increasing the frame rate of a display image to be higher than the frame rate of an input
image signal to improve quality of the display image.

[0003] However, if the frame rate is increased, a region that needs to be brightly displayed may be perceived to be
dark in the display image.

[0004] For example, even when a luminous intensity per unit time is maintained at a certain level, if the luminous
frequency of a display screen is changed, brightness of the display screen may be perceived differently. One of the
causes for this phenomenon is that humans’ perceptual sensitivity to brightness differs depending on the luminous
frequency. Thus, for example, when the frame rate of an input image signal is 60 Hz, if the output frame rate (driving
frequency) is changed to 120 Hz, the image may be perceived to be more dark, compared with the image displayed at
60Hz.

[0005] Thus, for example, when a display image includes a region that needs to be displayed brightly (such as a starry
sky or a firework), if the frame rate is increased and the image is thus displayed darkly, observers may perceive that the
image quality has been deteriorated.

SUMMARY OF THE INVENTION

[0006] The presentinvention is directed to preventing regions that need to be brightly displayed from being perceived
to be dark.

[0007] The present invention in its first aspect provides a display control apparatus as specified in claims 1 to 4.
[0008] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention and, together with the description, serve to explain the
principles of the invention.

[0010] FIG. 1is a block diagram illustrating an example of the structure of a display control apparatus according to a
first exemplary embodiment of the present invention.

[0011] FIG. 2 is a flow chart illustrating an operation according to the first exemplary embodiment of the present
invention.

[0012] FIG. 3 illustrates an example of the perception coefficient according to the first exemplary embodiment of the
present invention.

[0013] FIG.4 illustrates an example of the subjective evaluation test for calculating the perception coefficient according
to the first exemplary embodiment of the present invention.

[0014] FIG. 5is a flow chart illustrating an operation of a luminous region identification unit.

[0015] FIG. 6 is a block diagram illustrating an example of the structure of a display control apparatus according to a
second exemplary embodiment of the present invention.

[0016] FIG. 7 illustrates an example of an image to be determined by a scene determination unit and a histogram of
the image.

[0017] FIG. 8 is a block diagram illustrating an example of the structure of a display control apparatus according to a
third exemplary embodiment of the present invention.

[0018] FIG. 9is a block diagram illustrating an example of the structure of a display control apparatus according to a
fourth exemplary embodiment of the present invention.

[0019] FIG. 10illustrates an example of the display screen for acquiring observers’ perceptual sensitivity to brightness.
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[0020] FIG. 11 illustrates another example of the display screen for acquiring observers’ perceptual sensitivity to
brightness.

DESCRIPTION OF THE EMBODIMENTS

[0021] Various exemplary embodiments, features, and aspects of the invention will be described in detail below with
reference to the drawings.

[0022] Fig. 1 is a block diagram illustrating an example of the structure of a display control apparatus according to a
first exemplary embodiment. As shown in Fig. 1, the display control apparatus of the present exemplary embodiment
comprises a luminous region identification unit 11, a luminous frequency determination unit 12, and a luminous intensity
determination unit 13.

[0023] The display control apparatus of the present exemplary embodiment may be incorporated in an image input
apparatus to which an input image signal is input or in a display device displaying images or moving images. Alternately,
the display control apparatus may also be incorporated in the apparatus other than the above-described apparatus.
[0024] An image input apparatus (not shown) supplies an input image signal to the luminous region identification unit
11, and based on the image according to the supplied input image signal, the luminous region identification unit 11
identifies a luminous region. In the present exemplary embodiment, the luminous region is a region that needs to be
displayed more brightly than the other region (non-luminous region) in the display image. Within the image displayed
based on the input image signal, such luminous region is identified based on the location of pixels showing luminosity
higher than a predetermined value. Namely, the luminous region identification unit 11 identifies pixels showing luminosity
higher than a predetermined value in the image displayed based on an input image signal. The method for determining
the luminous region with the luminous region identification unit 11 will be described with reference to Fig. 5 below. The
luminous region identification unit 11 outputs region information for identifying the luminous region to the luminous
frequency determination unit 12 and the luminous intensity determination unit 13.

[0025] The luminous frequency determination unit 12 is provided with the input image signal from the image input
apparatus (not shown) and with the region information for identifying the luminous region from the luminous region
identification unit 11. The luminous frequency determination unit 12 changes driving frequencies, so that a driving
frequency (frame rate) of the luminous region becomes lower than a driving frequency of the other region (non-luminous
regions). For example, the luminous frequency determination unit 12 changes driving frequencies, so that the driving
frequency of the luminous region becomes 60 Hz and the driving frequency of the other area (non-luminous region)
becomes 120 Hz. The frame rate of the input image signal is 60 Hz, for example.

[0026] Namely, the luminous frequency determination unit 12 determines a region that needs to be displayed at a first
frame rate (60 Hz, for example) and a region that needs to be displayed at a second frame rate (120 Hz, for example),
depending on the location of pixels showing luminosity higher than a predetermined value. The driving frequency (frame
rate) corresponds to the luminous frequency of a display screen. The luminous frequency determination unit 12 outputs
the changed driving frequency to the luminous intensity determination unit 13.

[0027] The luminous intensity determination unit 13 acquires information concerning the changed driving frequency
and the region information for identifying the luminous region. The luminous intensity determination unit 13 determines
luminous intensity based on changes in driving frequency. For example, when the luminous frequency determination
unit 12 decreases the driving frequency of a luminous region, the luminous intensity determination unit 13 determines
the luminous intensity of the luminous region so that a single luminous intensity of the luminous region is increased
[0028] More specifically, the luminous intensity determination unit 13 increases the luminous intensity of a display
screen which displays an image based on an input image signal at the first frame rate, to be higher than the intensity of
adisplay screen which displays the image at the second frame rate, which is higher than the first frame rate. The operation
for changing the luminous intensity by the luminous intensity determination unit 13 will be described in detail below.
[0029] Fig. 2is aflow chart illustrating an operation for identifying a luminous region and controlling a driving frequency
executed by the display control apparatus of the present exemplary embodiment.

[0030] First, the luminous region identification unit 11 identifies a luminous region in an image displayed based on an
input image signal (S11). The luminous region is a region that needs to be displayed more brightly than the other region
(non-luminous regions) in the display image. In the image displayed based on the input image signal, the luminous
region is identified based on the location of pixels showing luminosity higher than a predetermined value. Namely, in
step S11, the luminous region identification unit 11 identifies pixels showing luminosity higher than a predetermined
value in an image displayed based on an input image signal. Details of the determination of the luminous region will be
described with reference to Fig. 5 below. The luminous region identification unit 11 outputs the region information
(coordinate information) for identifying the luminous region to the luminous frequency determination unit 12 and the
luminous intensity determination unit 13.

[0031] Next, the luminous frequency determination unit 12 determines the driving frequency of the luminous region
based on the region information for identifying the luminous region (S12). The driving frequency is determined based
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on human visual characteristics. For example, the luminous frequency determination unit 12 determines the driving
frequency of the luminous region to be 60Hz because based on visual characteristics, human beings perceive a screen
displayed at a driving frequency of 60 Hz to be brighter than a screen displayed at a driving frequency of 120 Hz. Further,
the luminous frequency determination unit 12 determines the driving frequency of the non-luminous region to be 120
Hz. More specifically, in step S12, the luminous frequency determination unit 12 determines a region that needs to be
displayed at the first frame rate (60 Hz, for example) and a region that needs to be displayed at the second frame rate
(120 Hz, for example), depending on the location of pixels showing luminosity higher than a predetermined value. As
the human visual characteristics, publicly-known characteristics may be used.

Alternatively, for example, users may observe and evaluate test images, and the thus acquired visual characteristics
may be used. The luminous frequency determination unit 12 outputs the changed driving frequency to the luminous
intensity determination unit 13.

[0032] Next, the luminous intensity determination unit 13 acquires the driving frequency output from the luminous
frequency determination unit 12 and the region information for identifying the luminous region output from the luminous
region identification unit 11. Subsequently, the luminous intensity determination unit 13 determines the luminous intensity
of the display screen (S13). In other words, the luminous intensity determination unit 13 determines the luminous intensity
of each of the luminous region and the non-luminous region. The method for determining the luminous intensity will be
hereinafter described.

[0033] First, a method for equalizing the driving power per unit time between before and after the driving frequency
is changed will be described. Assuming that the driving frequency before the driving frequency is changed is f [Hz] and
a single luminous intensity before the luminous intensity is changed is I, a luminous intensity P per second can be
represented by the following mathematical formula:

P=1fxI (1)

[0034] The luminous intensity P is a value corresponding to the driving power per second per pixel of the display
device, and the luminous intensity P is different from brightness perceived by humans.

[0035] Next, assuming that the driving frequency after the driving frequency is changed is f [Hz] and a single luminous
intensity per pixel after the luminous intensity is changed is I’, a luminous intensity P’ per second can be represented
by the following mathematical formula:

Pro= £ x I7 (2)

[0036] To maintain the driving power of the region in which the driving frequency is changed, at the same level, the
relationship P=P’ needs to be established. Thus, the single luminous intensity I’ after the driving frequency is changed
can be determined by the following mathematical formula:

I’ =1 x £/ f' (3)

[0037] When I’ shown in the above formula (3) is taken as single luminous intensity of the region (luminous region) in
which the driving frequency is changed , the driving power can be maintained at the same level between before and
after the driving frequency is changed. As shown in the formula (3), if the driving frequency is decreased while maintaining
the driving power at the same level, a single luminous intensity increases. For example, if the driving frequency is
decreased from 120 Hz to 60 Hz, a single luminous intensity I’ after the change of the driving frequency, becomes twice
the luminous intensity | before the change of the driving frequency. When the driving power is the same, observers
perceive an image displayed at a driving frequency of 60 Hz to be brighter than the image displayed at a driving frequency
of 120 Hz. Thus, the luminous region after the driving frequency is changed, can be perceived to be brighter than the
luminous region before the driving frequency is changed.

[0038] Other methods for determining the luminous intensity may be used. For example, the luminous intensity may
be determined based on an amount of human perceptual sensitivity to brightness. First, the perceptual sensitivity to
brightness for each driving frequency (luminous frequency) is defined to be a perception coefficient k(f). The luminous
frequency f (Hz) and the perception coefficient k(f) dependent on the luminous frequency f are used. The greater the
perception coefficient k(f), the brighter an image is perceived.
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[0039] Fig. 3 shows an example of the perception coefficient k(f). As shown in Fig. 3, the perception coefficient k(f)
reaches its maximum level at a luminous frequency f. Namely, the figure shows that a screen is perceived to be the
brightest when the luminous frequency is f'. This perception coefficient can be determined, for example, as shown in
Fig. 4, by examining the luminous intensity of a fixed light which is perceived to have the brightness equal to a flashing
light, for each luminous frequency. For example, the luminous intensity of a fixed light perceived to have the brightness
equal to a flashing light at a luminous frequency (driving frequency) of 60 Hz is examined. Further, for example, the
luminous intensity of a fixed light perceived to have the brightness equal to a flashing light at a luminous frequency of
120 Hz is examined. The driving power of the screen displaying the 60 Hz and 120 Hz flashing light is the same. Thus,
by allowing a user to select a fixed light perceived to have the brightness equal to a flashing light for each luminous
frequency, the perception coefficient can be obtained.

[0040] An average value of a plurality of subjective evaluation tests may be used as the perception coefficient. Alter-
natively, the perception coefficient may be set per observer.

[0041] Assuming that the luminous frequency (driving frequency) before the change of the frequency is f [Hz] for the
perception coefficient k(f) and a single luminous intensity before the change of the frequency is |, an amount of perceptual
sensitivity to brightness per second B can be represented by the following mathematical formula:

B=f x I x k(f) (4)

[0042] Next, assuming that the luminous frequency (driving frequency) after the change of the frequency is f [Hz] and
a single luminous intensity after the change of the frequency is I’ , an amount of perceptual sensitivity to brightness per
second B’ can be represented by the following mathematical formula:

B = £ x I" x k(f") (5)

[0043] To equalize the amount of perceptual sensitivity to brightness between before and after the luminous frequency
is changed, the relationship B=B’ needs to be established. Thus, the single luminous intensity I' after the frequency is
changed can be represented by the following mathematical formula:

I’ = k(f) x £ x I/ (k(£f") x f7) (6)

[0044] Assuming that the luminous intensity per second based on the single luminous intensity I’ shown in the math-
ematical formula (6) is P", the following mathematical formula can be obtained:

P” = I!' x f’ = k(f) x T x f / k(f’) (7)

[0045] Based on the mathematical formula (1), the luminous intensity P" can also be represented as follows:

P” = k(f) x P / k(f") (8)

[0046] Further, assuming that the amount of human perceptual sensitivity to brightness is higher at the luminous
frequency f than at the luminous frequency f, the following relationship is established.

k(f) < k(£f") (9)

[0047] Accordingly, the following relationship is established.
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k(f) / k(f") <1 (10)

[0048] In view of the above formula (8) and relationship (10), the luminous intensity P" per second after the luminous
frequency is changed is smaller than the luminous intensity P before the luminous frequency is changed. Further, for
example, when the driving frequency (luminous frequency) of the entire screen is 120 Hz, if the driving frequency of a
luminous region identified in a certain frame is changed to 60 Hz, the relationship between the luminous intensity and
brightness is as follows, assuming that when the luminous frequency is 60 Hz, the perception coefficient K(60) is 1.5,
and when the luminous frequency is 120 Hz, the perception coefficient K(120) is 1.2. According to the formula (8), if the
luminous intensity P" per second of the luminous region is 4/5 (0.8 times) of the luminous intensity P per second before
the driving frequency is changed, the perceived brightness of the screen does not change between before and after the
driving frequency is changed. Thus, if the single luminous intensity is 8/5 (1.6 times) of the luminous intensity before the
driving frequency is changed, while the luminous intensity per second is 0.8 times, the perceived brightness of the screen
does not change.

[0049] Further, when the driving frequency is decreased by half, if the single luminous intensity is doubled, the driving
power can be maintained at the same level. More specifically, when the driving frequency is changed from 120 Hz to
60 Hz, if the single luminous intensity is in a range between higher than 1.6 times and lower than twice the luminous
intensity before the driving frequency is changed, the luminous region can be perceived to be more bright than the
luminous region before the driving frequency is changed, and the driving power can also be decreased.

[0050] Thus, when the driving frequency of a luminous region is changed, the range of the luminous intensity after
the change, can be calculated based on the perception coefficient. Further, by changing the luminous intensity of the
luminous region based on the calculated range, the luminous region can be perceived to be bright and the driving power
can be suppressed. The value of the luminous intensity within the calculated range can be determined based on settings
made by users in advance. More specifically, users can set the balance between brightness of the luminous region and
the driving power in advance. In this way, an image that further suits to users’ preferences can be displayed.

[0051] Next, an operation of the luminous region identification unit 11 for identifying a luminous region will be described
with reference to Fig. 5.

[0052] First, the luminous region identification unit 11 converts an RGB value of an input image signal into color
information and acquires a luminosity component (S21). Examples of the color information include XYZ and L*a*b*. The
luminous region identification unit 11 of the present exemplary embodiment converts the RGB value of an input image
signal into L*a*b* and acquires a luminosity component L*. While the luminous region identification unit 11 of the present
exemplary embodiment converts the RGB value into color information per frame, the conversion may be carried out
based on a plurality of frames or blocks within a frame.

[0053] Next, in step S22, the luminous region identification unit 11 examines each pixel in an image displayed based
on the input image signal and identifies pixels with a value of the luminosity component L* equal to or greater than a
predetermined threshold value. Namely, the luminous region identification unit 11 identifies pixels with luminosity greater
than a predetermined value in an image displayed based on the input image signal. The luminous region identification
unit 11 of the present exemplary embodiment sets the luminosity 20% below an upper limit as the threshold value.
Namely, the luminous region identification unit 11 identifies pixels with luminosity in a range between an upper limit and
20% below the upper limit. However, the threshold value is not limited to such range. For example, depending on the
scene of an image to be displayed, the threshold value may be changed.

[0054] Next, in step S23, the luminous region identification unit 11 acquires the area of a region in which pixels with
a value of the luminosity component L* higher than the threshold value are adjacent to each other. Namely, the luminous
region identification unit 11 acquires the area of a region in which pixels with a value of the luminosity component L*
higher than the threshold value are not divided by pixels with a value of the luminosity component L* lower than the
threshold value but are consecutively adjacent to each other. When the display screen includes a plurality of regions
with a value of luminosity component L* higher than the threshold value, the luminous region identification unit 11 acquires
the area of each region.

[0055] Next, in step S24, the luminous region identification unit 11 compares the acquired area with a predetermined
area. If the acquired area is smaller than the predetermined area (Yes in step S24), the luminous region identification
unit 11 of the present exemplary embodiment identifies the region as a luminous region in step S25. Namely, with respect
to the pixels showing luminosity higher than a predetermined value, when the number of pixels adjacent to each other
is less than a predetermined number of pixels, the luminous region identification unit 11 identifies the region as a luminous
region. The predetermined number of pixels may be set, for example, approximately below 1/50 of the area of the entire
display screen.

[0056] If the acquired area is larger than the predetermined area (No in step S24), the luminous region identification
unit 11 identifies the region as a non-luminous region in step S26. When the display screen includes a plurality of regions
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with a value of the luminosity component L* higher than the threshold value, the luminous region identification unit 11
compares the acquired area and the predetermined area for each region and identifies a luminous region and a non-
luminous region according to the comparison results.

[0057] In the above description, when the area of a region with a value of the luminosity component L* higher than a
threshold value is smaller than a predetermined area, the region is determined to be a luminous region. This is because,
for example, an image displaying a night view, a firework, a starry sky, or the like often has a dark background, and
regions that need to be displayed brightly are scattered around in the image. Thus, when the area of a region with a
high value of the luminosity component L* is small, the luminous region identification unit 11 of the present exemplary
embodiment identifies the region as a region that needs to be displayed brightly. However, depending on the scene to
be displayed, even when the area of a region with a high luminosity component is large, the luminous region identification
unit 11 may determine the region as a luminous region.

[0058] Further, in step S26, the luminous region identification unit 11 determines the region of pixels with a value of
the luminosity component L* lower than a threshold value as a non-luminous region.

[0059] Asdescribed above, based onthe display control apparatus of the present exemplary embodiment, the luminous
region identification unit 11 identifies a region (luminous region) that needs to be displayed brightly in the image displayed
based on an input image signal. The luminous frequency determination unit 12 controls driving frequencies, so that the
driving frequency of the luminous region becomes lower than the driving frequency of the other region (non-luminous
region).

[0060] In this way, the region that needs to be displayed brightly is prevented from being perceived as dark.

[0061] Next, a second exemplary embodiment of the present invention will be described, focusing on the difference
from the first exemplary embodiment.

[0062] Fig. 6 is a block diagram illustrating an example of the structure of a display control apparatus according to the
present exemplary embodiment. As shown in the figure, the display control apparatus of the present exemplary embod-
iment comprises a scene determination unit 21, a luminous frequency determination unit 22, and a luminous intensity
determination unit 23.

[0063] The scene determination unit 21 determines the scene of an image displayed on a display device. For example,
the scene determination unit 21 determines whether a currently displayed image is a scene of a night view, a firework,
a starry sky, or the like. Characteristics of such scene are that the background is dark and a region that needs to be
brightly displayed is included. Thus, the scene determination unit 21 of the present exemplary embodiment determines
whether the display device displays a scene in which a large portion of the image is dark.

[0064] An example of the method for determining a scene with the scene determination unit 21 will be described. First,
the scene determination unit 21 obtains a histogram of a single frame of an image displayed based on an input image
signal, and based on the shape of the histogram, the scene determination unit 21 determines whether the frame is a
scene of a night view, a firework, or the like. Fig. 7 shows an example of the histogram. In the histogram of an image
including bright and dark regions, such as a night view or a firework, the frequency is high in the dark and bright regions.
Thus, the scene determination unit 21 obtains the histogram of a single frame from an input image signal, and based
on the histogram, the scene determination unit 21 acquires the number of pixels in the bright region and the number of
pixels in the dark region. More specifically, the scene determination unit 21 determines pixels showing luminosity equal
to or greater than a first value and pixels showing luminosity equal to or less than a second value which is lower than
the first value, within an image displayed based on an input image signal. The pixels showing luminosity equal to or
greater than the first value belong to the bright region in Fig. 7, and the pixels showing luminosity equal to or less than
the second value belong to the dark region in Fig. 7.

[0065] In the present exemplary embodiment, when the number of pixels belonging to the dark region is large, the
scene determination unit 21 determines that the frame is a scene displaying an image including a dark background,
such as a night view or a firework. This determination may be made per frame, or regularly, or upon detection of change
of a scene. Further, for example, as a scene determination method other than the one that uses a histogram, an average
value or a median value of the luminosity component L* of an image displayed based on an input image signal may be
used. Namely, the scene determination unit 21 may be configured to determine an image to be a scene of a firework,
a night view, or the like, when the average value of the luminosity component L* of an image displayed based on an
input image signal is lower than a predetermined value.

[0066] When the scene determination unit 21 determines that an image to be displayed is a scene including a dark
background, the scene determination unit 21 identifies a luminous region in the image. The method for determining the
luminous region is similar to that used by the luminous region identification unit 11 of the first exemplary embodiment.
The scene determination unit 21 outputs region information for identifying the luminous region to the luminous frequency
determination unit 22 and the luminous intensity determination unit 23.

[0067] Like the luminous frequency determination unit 12 and the luminous intensity determination unit 13 of the first
exemplary embodiment, the luminous frequency determination unit 22 and the luminous intensity determination unit 23
control the driving frequency and the luminous intensity of the luminous region, respectively, based on the region infor-
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mation for identifying the luminous region.

[0068] Namely, when the number of pixels showing luminosity equal to or less than the second value is equal to or
greater than a predetermined value, depending on the location of the pixels showing luminosity equal to or greater than
the first value, the luminous frequency determination unit 22 determines a region to be displayed at a first frame rate
and a region to be displayed at a second frame rate. Namely, when the number of pixels belonging to the dark region
of the histogram shown in Fig. 7 is equal to or greater than a predetermined number, the luminous frequency determination
unit 22 determines the frame rates so that the frame rate of the luminous region becomes lower than the frame rate of
the non-luminous region. In this way, when displaying an image having a large dark portion, the region that needs to be
brightly displayed can be more brightly displayed.

[0069] As described above, when a large portion of the displayed image is a dark region, the display control apparatus
of the present exemplary embodiment controls the driving frequency and the luminous intensity so that the luminous
region is perceived to be bright. In this way, a region that needs to be brightly displayed (luminous region) can be more
brightly displayed.

[0070] When a display image includes a dark background and a region that needs to be brightly displayed (luminous
region), the scene determination unit 21 of the present exemplary embodiment determines the driving frequency and
the luminous intensity for each of the luminous region and the non-luminous region. However, the present invention is
not limited to such example. For example, when an image includes a dark background and a region that needs to be
brightly displayed, the driving frequency of the entire image may be decreased. In this way, the luminous region can
also be perceived to be bright. Also, the scene determination unit 21 may be configured to decrease the driving frequency,
when a large portion of an image to be displayed is a region that needs to be brightly displayed. In this way, a region
that needs to be brightly displayed can also be more brightly displayed.

[0071] Next, a third exemplary embodiment of the present invention will be described, focusing on the difference from
the first exemplary embodiment.

[0072] Fig. 8 is a block diagram illustrating an example structure of a display control apparatus of the third exemplary
embodiment. As shown in the figure, the display control apparatus of the present exemplary embodiment comprises an
ambient light acquisition unit 31, a luminous frequency determination unit 32, and a luminous intensity determination
unit 33.

[0073] The ambient light acquisition unit 31 acquires a light level of the environment in which the display device is
placed. Namely, the ambient light acquisition unit 31 acquires ambient light level surrounding the display device displaying
an image formed based on an input image signal. The ambient light acquisition unit 31 determines whether the acquired
light level is below a threshold value. For example, the ambient light acquisition unit 31 acquires illuminance of a room
with an illuminance sensor to determine whether the illuminance of the room is equal to or less than a threshold value.
[0074] Further, the ambient light acquisition unit 31 identifies the luminous region of an image displayed based on an
input image signal, similar to the luminous region identification unit 11 of the first exemplary embodiment. The ambient
light acquisition unit 31 outputs region information for identifying the luminous region and information concerning the
ambient light level to the luminous frequency determination unit 32 and the luminous intensity determination unit 33.
Depending on the ambient light level, the luminous frequency determination unit 32 and the luminous intensity determi-
nation unit 33 determine the driving frequency and the luminous intensity for the luminous region and the non-luminous
region.

[0075] For example, when the ambient light level is determined to be lower than a predetermined value, the luminous
frequency determination unit 32 determines the luminous frequency so that the driving frequency of the luminous region
becomes lower (i.e. the display is made brighter to increase the difference between the brightness from the display and
the ambient light level), compared with the driving frequency of the luminous region when the ambient light level is higher
than the predetermined value. More specifically, when the ambient light level has a first value, the luminous frequency
determination unit 32 displays, at a frame rate lower than the first frame rate, a region (luminous region) to be displayed
at a first frame rate. The luminous intensity determination unit 33 determines the luminous intensity in a way similar to
that described in the first exemplary embodiment.

[0076] Inthis way, for example, when displaying a luminous region at a driving frequency of 120 Hz and a non-luminous
region at a driving frequency of 240 Hz, if the ambient light level around the display device is low, by decreasing the
driving frequency of the luminous region to 60 Hz, the luminous region can be displayed more brightly.

[0077] Thus, when the display device is placed in a dark environment, the driving frequency and the luminous intensity
are changed so that the luminous region is perceived to be bright. This is because humans’ sensitivity to brightness
increases in a dark environment. For example, when the display device is placed in a dark room, the observer probably
wishes to have a luminous region displayed more brightly. Thus, when the display device is placed in a dark environment,
the display control apparatus of the present exemplary embodiment controls the luminous region to be more brightly
perceived. In the present exemplary embodiment, the luminous region is controlled to be brightly perceived. In this way,
the luminous region can be perceived to be brighter. However, when the display device is placed in a dark environment,
the driving frequency of the entire image may be decreased so that the entire image is brightly displayed.
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[0078] Inthe above example, the driving frequency is changed in stages depending on the ambient light level. However,
for example, identification of the luminous region and change of the driving frequency may be carried out when the
ambient light level is determined to be lower than a predetermined brightness. In this way, the region that needs to be
brightly displayed can be brightly displayed using a simpler method.

[0079] Additionally, for example, when the display device is placed in a bright environment, the driving frequency and
the luminous intensity may be controlled so that the luminous region is brightly displayed. This is because, since humans’
sensitivity to brightness decreases in a bright environment, the observer perceives the display image to be dark. Thus,
when the environment in which the display device is placed is brighter than a predetermined brightness, the driving
frequency and the luminous intensity are determined so that the luminous region is perceived to be brighter. Thus, the
region that needs to be brightly displayed can be more brightly displayed.

[0080] Further, users can setin advance whether to perform control to display more brightly a region (luminous region)
that needs to be brightly displayed. Thus, an image that further suits to users’ preferences can be displayed.

[0081] Next, a fourth exemplary embodiment of the present invention will be described, focusing on the difference
from the first exemplary embodiment.

[0082] Fig. 9 is a block diagram illustrating an example of the structure of a display control apparatus of the present
exemplary embodiment. As shown in the figure, the display control apparatus of the present exemplary embodiment
comprises a perceptual sensitivity acquisition unit 41, a storage unit 42, a luminous frequency determination unit 43,
and a luminous intensity determination unit 44.

[0083] The perceptual sensitivity acquisition unit 41 acquires information concerning users’ perceptual sensitivity to
brightness with respect to the luminous frequency. More specifically, the perceptual sensitivity acquisition unit41 acquires
perceptual sensitivity information indicating which luminous frequency provides a display screen which is perceived to
be bright by each user.

[0084] An example of the method for acquiring the users’ perceptual sensitivity to brightness will be hereinafter de-
scribed. First, the perceptual sensitivity acquisition unit 41 displays a flashing light on a display screen. Fig. 10 illustrates
an example of such flashing light on a display screen. In the region indicated by a flashing light display unit, a test image
formed based on the luminous frequency selected by the luminous frequency adjustment unit is displayed. The luminous
frequency can be adjusted by operating the luminous frequency adjustment unit. For example, the user operates the
luminous frequency adjustment unit with a mouse or the like to adjust the luminous frequency of the flashing light. The
perceptual sensitivity acquisition unit 41 allows to select the luminous frequency of the flashing light perceived to be the
brightest by the user.

[0085] Depending on adjustment of the luminous frequency, the perceptual sensitivity acquisition unit 41 changes the
luminous intensity. For example, depending on change of the luminous frequency, the perceptual sensitivity acquisition
unit 41 changes a single luminous intensity, so that the driving power per unit time is maintained at the same level.
Further, based on the selection of the luminous frequency of the flashing light which is perceived to be the brightest by
the user, the perceptual sensitivity acquisition unit 41 determines an evaluation value regarding brightness for each
luminous frequency.

[0086] As another method for acquiring users’ perceptual sensitivity to brightness, for example, as shown in Fig. 11,
a plurality of test images are displayed in the display screen, each at a different luminous frequency, and the user is
allowed to select the luminous frequency forming the brightest image among the testimages. The user inputs evaluation
values regarding brightness for the plurality of testimages. Namely, the perceptual sensitivity acquisition unit 41 receives
evaluation values regarding brightness of display images for each frame rate.

[0087] Alternatively, the perceptual sensitivity to brightness may be acquired with respect to the luminous frequency,
based on the subjective evaluation test using a fixed light and a flashing light as described in the first exemplary em-
bodiment with the Fig. 4. After acquiring the perceptual sensitivity information, the perceptual sensitivity acquisition unit
41 outputs the information to the storage unit 42 and the luminous frequency determination unit 43.

[0088] The storage unit42 stores the perceptual sensitivity information acquired by the perceptual sensitivity acquisition
unit 41 for each user. For example, the storage unit 42 stores the luminous frequency forming the brightest display
screen perceived by the user and evaluation values of the perceptual sensitivity to brightness for each luminous frequency.
[0089] The luminous frequency determination unit 43 identifies the luminous region of the image displayed based on
an input image signal. The method for determining the luminous region is similar to that used by the luminous region
identification unit 11 of the first exemplary embodiment. After identifying the luminous region, the luminous frequency
determination unit 43 determines the driving frequency of the luminous region. The luminous frequency determination
unit 43 determines the driving frequency of the luminous region based on the user-specific evaluation values of brightness
acquired by the perceptual sensitivity acquisition unit 41. For example, the luminous frequency determination unit 43
determines the driving frequency of the display screen, so that a luminous frequency forming the brightest display screen
perceived by the user can be obtained. Alternatively, for example, when an evaluation value of the luminous frequency
corresponding to the frame rate of an input image signal is higher than a threshold value, an image may be displayed
at the frame rate of the input image signal. In this way, processing required for changing the frame rate can be reduced.
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[0090] The luminous frequency determination unit 43 outputs region information for identifying the luminous region,
and the driving frequency of each region to the luminous intensity determination unit 44. Depending on the region
information for determining the luminous region and the driving frequency of each region, the luminous intensity deter-
mination unit44 controls the luminous intensity of the display screenin a way similar to the luminous intensity determination
unit 13 of the first exemplary embodiment.

[0091] Thus, according to the invention of the present exemplary embodiment, control of the driving frequency that
further complies with users’ perceptual sensitivity to brightness can be achieved. In this way, an image can be displayed
in which a region that needs to be brightly displayed can be perceived to be even brighter.

Other Embodiments

[0092] Aspects of the present invention can also be realized by a computer of a system or apparatus (or devices such
as a CPU or MPU) that reads out and executes a program recorded on a memory device to perform the functions of the
above-described embodiments, and by a method, the steps of which are performed by a computer of a system or
apparatus by, for example, reading out and executing a program recorded on a memory device to perform the functions
of the above-described embodiments. For this purpose, the program is provided to the computer for example via a
network or from a recording medium of various types serving as the memory device (e.g., computer-readable medium).
In such a case, the system or apparatus, and the recording medium where the program is stored, are included as being
within the scope of the present invention.

[0093] While the presentinvention has been described with reference to exemplary embodiments, itis to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and functions.

Claims

1. A display control apparatus controlling luminous intensity in a display screen so that a luminous intensity of the
display screen in which an image based on an input image signal is displayed at a first frame rate, is higher than
luminous intensity of the display screen in which the image based on the input image signal is displayed at a second
frame rate that is higher than the first frame rate, the display control apparatus comprising:

an identification unit (11) configured to identify pixels showing luminosity higher than a predetermined value
within the image based on the input image signal; and

a determination unit (12, 13) configured to determine a region displayed at the first frame rate and a region
displayed at the second frame rate, depending on location of the pixels showing luminosity higher than the
predetermined value.

2. The display control apparatus according to claim 1, wherein, among the pixels showing luminosity higher than a
predetermined value, when the number of the pixels adjacent to each other is less than a predetermined number
of pixels, the determination unit (12, 13) determines that the region is to be displayed at the first frame rate.

3. The display control apparatus according to claim 1 further comprising an acquisition unit (31) configured to acquire
ambient brightness of a display device displaying the image based on the input image signal, wherein, when the
acquired brightness is a first brightness, the determination unit (12, 13) determines a region that is displayed at the
first frame rate when the acquired brightness is a second brightness which is greater than the first brightness, to be
a region displayed at a third frame rate lower than the first frame rate.

4. Thedisplay control apparatus according to claim 1 further comprising an input unit configured to receive an evaluation
value concerning brightness of a display image for each frame rate, wherein the determination unit (12, 13) determines
the first frame rate depending on the input evaluation value.

5. A display control apparatus controlling luminous intensity in a display screen so that a luminous intensity of the
display screen in which an image based on an input image signal is displayed at a first frame rate, is higher than
luminous intensity of the display screen in which the image based on the input image signal is displayed at a second
frame rate that is higher than the first frame rate, the display control apparatus comprising:

an identification unit (11) configured to identify pixels showing luminosity equal to or greater than a first value
and pixels showing luminosity equal to or less than a second value that is lower than the first value, within the
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image based on the input image signal; and

a determination unit (12, 13) configured to determine, when the number of pixels showing luminosity equal to
or less than the second value is equal to or greater than a predetermined number, a region displayed at the
first frame rate and a region displayed at the second frame rate, depending on location of the pixels showing
luminosity equal to or higher than the first value.

A display control method executed by a display control apparatus controlling luminous intensity in a display screen
so that a luminous intensity of the display screen in which an image based on an input image signal is displayed at
afirst frame rate, is higher than luminous intensity of the display screen in which the image based on the inputimage
signalis displayed at a second frame rate that is higher than the first frame rate, the display control method comprising:

identifying pixels showing luminosity higher than a predetermined value within the image based on the input
image signal; and

determining a region displayed at the first frame rate and a region displayed at the second frame rate, depending
on location of the pixels showing luminosity higher than a predetermined value.

A program that, when executed by a display control apparatus, causes the display control apparatus to perform a
method according to claim 6.

A storage medium storing a program executable by a computer controlling luminous intensity in a display screen
so that luminous intensity of the display screen in which an image based on an input image signal is displayed at a
first frame rate, is higher than luminous intensity of the display screen in which the image based on the input image
signal is displayed at a second frame rate that is higher than the first frame rate, the program comprising;
identifying pixels showing luminosity higher than a predetermined value in the image based on the input image
signal; and

determining a region displayed at the first frame rate and a region displayed at the second frame rate, depending
on location of the pixels showing luminosity higher than a predetermined value.

A display control method executed by a display control apparatus controlling luminous intensity in a display screen
so that luminous intensity of the display screen in which an image based on an input image signal is displayed at a
first frame rate, is higher than a luminous intensity of the display screen in which the image based on the inputimage
signalis displayed at a second frame rate that is higher than the first frame rate, the display control method comprising:

identifying pixels showing luminosity equal to or greater than a first value and pixels showing luminosity equal
to or less than a second value that is lower than the first value in the image based on the input image signal; and
determining, when the number of pixels showing luminosity equal to or less than the second value is equal to
or greater than a predetermined number, a region displayed at the first frame rate and a region displayed at the
second frame rate, depending on location of the pixels showing luminosity equal to or higher than the first value.

A program that, when executed by a display control apparatus, causes the display control apparatus to perform a
method according to claim 9.

A storage medium storing a program executable by a computer controlling luminous intensity in a display screen
so that luminous intensity of the display screen in which an image based on an input image signal is displayed at a
first frame rate, is higher than luminous intensity of the display screen in which the image based on the input image
signal is displayed at a second frame rate that is higher than the first frame rate, the program comprising;
identifying pixels showing luminosity equal to or greater than a first value and pixels showing luminosity equal to or
less than a second value that is lower than the first value within the image based on the input image signal; and
determining, when the number of pixels showing luminosity equal to or less than the second value is equal to or
greater than a predetermined number, a region displayed at the first frame rate and a region displayed at the second
frame rate, depending on location of the pixels showing luminosity equal to or higher than the first value.
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